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(SLGHPLRORJ\ RI FDUEDSHQHPDVHV ZRUOGZLGH LV VKRZLQJ WKDW 2;$ YDULDQWV DUH
EHFRPLQJ WKH SUHGRPLQDQW FDUEDSHQHPDVH W\SH LQ Enterobacteriaceae LQ PDQ\
FRXQWULHV +RZHYHU DOO 2;$ YDULDQWV GR QRW SRVVHVV VLJQLILFDQW DFWLYLW\ WRZDUGV
FDUEDSHQHPV e.g. 2;$ 7ZR S. marcescens LVRODWHV ZLWK HLWKHU UHVLVWDQFH WR
FDUEDSHQHPVRUWRH[WHQGHGVSHFWUXPFHSKDORVSRULQVZHUHVXFFHVVLYHO\UHFRYHUHGIURP
DVDPHSDWLHQW*HQRPLFFRPSDULVRQXVLQJSXOVHILHOGJHOHOHFWURSKRUHVLVDQGDXWRPDWHG
5HS3&5W\SLQJLGHQWLILHGDVLPLODULW\EHWZHHQERWKLVRODWHV%RWKVWUDLQVZHUH
UHVLVWDQW WR SHQLFLOOLQV DQG ILUVW JHQHUDWLRQ FHSKDORVSRULQV 7KH ILUVW LVRODWH ZDV
VXVFHSWLEOHWRH[SDQGHGVSHFWUXPFHSKDORVSRULQVDQGUHVLVWDQWWRFDUEDSHQHPVDQGKDG
D VLJQLILFDQW FDUEDSHQHPDVH DFWLYLW\ SRVLWLYH&DUED13 WHVW UHODWHG WR H[SUHVVLRQ RI
2;$ 7KH VHFRQG LVRODWH ZDV UHVLVWDQW WR H[SDQGHGVSHFWUXP FHSKDORVSRULQV DQG
VXVFHSWLEOH WR FDUEDSHQHPV DQG GLG QRW H[SUHVV D VLJQLILFDQW LPLSHQHPDVH DFWLYLW\
QHJDWLYH IRU WKH &DUED13 WHVW GHVSLWH SRVVHVVLQJ D bla2;$ W\SH JHQH 6HTXHQFLQJ
LGHQWLILHGDQRYHO2;$W\SHβODFWDPDVH2;$ZLWKDIRXUDPLQRDFLGVGHOHWLRQ
DVFRPSDUHGWR2;$7KHbla2;$JHQHZDVORFDWHGRQDFD NESODVPLGLGHQWLFDO
WRWKHSURWRW\SH,QF/0bla2;$FDUU\LQJSODVPLGH[FHSWIRUDFDNEGHOHWLRQLQ
WKH tra RSHURQ OHDGLQJ WR WKH VXSSUHVVLRQ RI VHOIFRQMXJDWLRQ SURSHUWLHV %LRFKHPLFDO
DQDO\VLV VKRZHG WKDW 2;$ KDV D FODYXODQLF DFLG LQKLELWHG DFWLYLW\ WRZDUGV
H[SDQGHGVSHFWUXP DFWLYLW\ ZLWKRXW VLJQLILFDQW LPLSHQHPDVH DFWLYLW\ 7KLV LV WKH ILUVW
LGHQWLILFDWLRQ RI D VXFFHVVLYH VZLWFK RI FDWDO\WLF DFWLYLW\ LQ 2;$OLNH ȕODFWDPDVHV
VXJJHVWLQJWKHLUSODVWLFLW\7KHUHIRUHWKLVUHSRUWVXJJHVWVWKDWWKHILUVWOLQHVFUHHQLQJRI
FDUEDSHQHPDVHSURGXFHUVLQEnterobacteriaceaePD\EHEDVHGRQELRFKHPLFDOGHWHFWLRQ
RIFDUEDSHQHPDVHDFWLYLW\LQFOLQLFDOVHWWLQJV

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$PEOHUFODVV'βODFWDPDVHR[DFLOOLQDVHVDUHZLGHO\GLVVHPLQDWHGDPRQJFOLQLFDOUHOHYDQW
*UDPQHJDWLYHV  7KH\ H[KLELW D KLJK GHJUHH RI GLYHUVLW\ RI K\GURO\VLV DFWLYLW\ UDQJLQJ
IURPQDUURZWREURDGVSHFWUXPK\GURO\VLVDFWLYLW\WRZDUGβODFWDPV$PRQJWKHFODVV'
βODFWDPDVHV VHYHUDOHQ]\PHVK\GURO\]HFDUEDSHQHPV0RVWFDUEDSHQHPK\GURO\]LQJFODVV
' βODFWDPDVHV &+'/V DUH IURP Acinetobacter VSS HJ2;$ 2;$ 2;$
2;$ZKHUHDV2;$W\SHHQ]\PHVDUHLGHQWLILHGLQEnterobacteriaceae RQO\
 7KH 2;$ GHULYHG &+'/V KDYH LQLWLDOO\ EHHQ LGHQWLILHG LQ 7XUNH\  ILUVW LQ
Klebsiella pneumoniae DQG WKHQ LQ RWKHU HQWHUREDFWHULDO VSHFLHV  7KH NQRZQ 2;$
YDULDQWV DUH FXUUHQWO\ DV IROORZV L 2;$ LGHQWLILHG IURPK. pneumoniae LVRODWHV LQ
7XUNH\LL2;$LGHQWLILHGIURPK. pneumoniaeDQGE. cloacaeLVRODWHV LQ$UJHQWLQD
  LLL 2;$ LGHQWLILHG LQ DK. pneumoniae LVRODWH IURP ,QGLD  LY 2;$
LGHQWLILHGIURP K. pneumoniaeLVRODWHVIURPSDWLHQWVKDYLQJDOLQNZLWK1RUWK$IULFDY
2;$ LGHQWLILHG LQ )UDQFH IURP DK. pneumoniae LVRODWH UHFRYHUHG IURPSDWLHQWVZKR
KDG EHHQ WUDQVIHUUHG IURP ,QGLD RU 0DXULWLXV  YL 2;$ DQG 2;$ IURP K. 
pneumoniae LVRODWHV FROOHFWHG LQ6SDLQ  YLL2;$ LGHQWLILHG LQ DK. pneumoniae
LVRODWH UHFRYHUHG IURP $UJHQWLQD  DQG YLLL 2;$ UHSRUWHG LQ D Enterobacter
hormaecheiLVRODWHIURP%UD]LO7KHVHYDULDQWVGLIIHUIURP2;$E\RQHWRILYHDPLQR
DFLGVXEVWLWXWLRQVRUDQGE\DIRXUDPLQRDFLGVGHOHWLRQVZKLFKUHVXOW LQPRGLILHGβODFWDP
K\GRO\VLVVSHFWUXP
(SLGHPLRORJ\RIFDUEDSHQHPDVHVZRUOGZLGHLVVKRZLQJWKDW2;$YDULDQWVDUHEHFRPLQJ
WKH SUHGRPLQDQW FDUEDSHQHPDVH W\SH LQ Enterobacteriaceae LQ PDQ\ FRXQWULHV VXFK DV LQ
1RUWK$IULFDWKH0LGGOH(DVW7XUNH\)UDQFHDQG*HUPDQ\
7KHDLPRIWKLVVWXG\ZDVWRFKDUDFWHUL]HSHFXOLDUPROHFXODUPHFKDQLVPVRIUHVLVWDQFHWRβ
ODFWDPV PDGH RI D VZLWFK RI FDUEDSHQHP UHVLVWDQFHH[SDQGHGVSHFWUXP FHSKDORVSRULQV
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VXVFHSWLELOLW\ SURILOH IROORZHG E\ D FDUEDSHQHP VXVFHSWLELOLW\H[SDQGHGVSHFWUXP
FHSKDORVSRULQVUHVLVWDQFHSURILOHDPRQJWZRVXFFHVVLYHSerratia marcescens LVRODWHVIURPD
VDPHSDWLHQW
0$7(5,$/$1'0(7+2'6
%DFWHULDOVWUDLQV
,GHQWLILFDWLRQRI FOLQLFDO LVRODWHVZHUHSHUIRUPHGE\XVLQJ$3,( V\VWHP ELR0pULHX[/D
%DOPHOHV*URWWHV )UDQFH DQG FRQILUPHG E\ 0$/',72) PDVV VSHFWURPHWU\ 0$/',
%LRW\SHU&$V\VWHP%UXNHU'DOWRQLFV%LOOHULFD86$Escherichia coli723,QYLWURJHQ
6DLQW$XELQ )UDQFH ZDV XVHG IRU FORQLQJ H[SHULPHQWV DQG D]LGHUHVLVWDQW E. coli - IRU
FRQMXJDWLRQDVVD\V
6XVFHSWLELOLW\WHVWLQJ
$QWLPLFURELDO VXVFHSWLELOLWLHVZHUH GHWHUPLQHG E\ WKH GLVF GLIIXVLRQ WHFKQLTXH RQ0XHOOHU
+LQWRQ DJDU %LR5DG 0DUQHV/D&RTXHWWH )UDQFH DQG LQWHUSUHWHG DFFRUGLQJ WR WKH
(8&$67 EUHDNSRLQWV DV XSGDWHG  KWWSZZZHXFDVWRUJ 0LQLPDO LQKLELWRU\
FRQFHQWUDWLRQV0,&VZHUHGHWHUPLQHGXVLQJWKH(WHVWWHFKQLTXHELR0pULHX[
'HWHFWLRQRIFDUEDSHQHPDVHDFWLYLW\
7KH FDUEDSHQHPDVH DFWLYLW\ZDV VHDUFKHG IRU XVLQJ WZR WHFKQLTXHV WKH XSGDWHG&DUED13
WHVW  DQG 89VSHFWURSKRWRPHWU\  7KH XSGDWHG &DUED 13 WHVW WKDW GHWHFWV
LPLSHQHPDVHDFWLYLW\ZDVSHUIRUPHGDIWHUSHUIRUPLQJFXOWXUHRQ7U\SWLFDVHVR\DJDUPHGLXP
VXSSOHPHQWHG ZLWK =Q62 DV SUHYLRXVO\ GHVFULEHG  7KH 89VSHFWURSKRWRPHWU\
WHFKQLTXHXVHGDVEHHQGHWDLOHGHOVHZKHUH
3&5FORQLQJH[SHULPHQWVDQG'1$VHTXHQFLQJ
:KROHFHOO '1$V RI WKH WZR S. marcescens LVRODWHV DQG RI 2;$  DQG 2;$
SURGXFLQJK. pneumoniaeLVRODWHVZHUHH[WUDFWHGXVLQJ4,$DPS'1$0LQL.LW4LDJHQ
&RXUWDERHXI)UDQFHDQGZHUHWKHQXVHGDVDWHPSODWHWRDPSOLI\WKHbla2;$OLNHJHQHV7KH
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3&5 XVLQJ IROORZLQJ SULPHUV SUH2;$$ ¶7$7$77*&$77$$*&$$***¶ DQG
SUH2;$% ¶&$&$&$$$7$&*&*&7$$&&¶ ZDV DEOH WR DPSOLI\ bla2;$
bla2;$ DQG bla2;$ JHQHV 7KH DPSOLFRQV REWDLQHGZHUH WKHQ FORQHG LQWR WKH S&5£
%OXQW ,,7232£ ,QYLWURJHQ GRZQVWUHDP WKH S/DF SURPRWHU LQ WKH VDPH RULHQWDWLRQ
5HFRPELQDQWSODVPLGVS72322;$ZHUHHOHFWURSRUDWHGLQWRE. coli723VWUDLQ3ODVPLG
'1$ H[WUDFWLRQ ZDV SHUIRUPHG XVLQJ 4LDJHQ 0LQLSUHS .LW 4LDJHQ %RWK VWUDQGV RI WKH
LQVHUWV RI WKH UHFRPELQDQW SODVPLGVZHUH VHTXHQFHG XVLQJ7 SURPRWRU DQG05HYHUVH
SULPHUV ZLWK DQ DXWRPDWHG VHTXHQFHU $%, 35,60  $SSOLHG %LRV\VWHPV 7KH
QXFOHRWLGH VHTXHQFHV ZHUH DQDO\]HG XVLQJ VRIWZDUH DYDLODEOH DW WKH 1DWLRQDO &HQWHU RI
%LRWHFKQRORJ\,QIRUPDWLRQZHEVLWHKWWSZZZQFELQOPQLKJRY
3ODVPLGFKDUDFWHUL]DWLRQDQGPDWLQJRXWDVVD\
3ODVPLG'1$RIERWKFOLQLFDOS. marcescensLVRODWHVDQG2;$SURGXFLQJK. pneumoniae
ZHUHH[WUDFWHGXVLQJ WKH.LHVHUPHWKRG3ODVPLGVRIFDDQGNERI
Escherichia coli1&7&ZHUHXVHGDVSODVPLGVL]HPDUNHUV3ODVPLG'1$ZDVDQDO\VHG
E\DJDURVHJHOHOHFWURSKRUHVLV7UDQVIHURIWKHβODFWDPUHVLVWDQFHPDUNHUVZDVDWWHPSWHGE\
OLTXLG PDWLQJRXW DVVD\V DW & XVLQJ E. coli - DV WKH UHFLSLHQW VWUDLQ DQG E\
HOHFWURSRUDWLRQ RI WKH SODVPLG '1$ VXVSHQVLRQ RI FOLQLFDO LVRODWHV LQWR E. coli 723
6HOHFWLRQRIWUDQVFRQMXJDQWVZDVSHUIRUPHGRQDJDUVXSSOHPHQWHGSODWHVZLWKWLFDUFLOOLQ
PJ/ DQG ZLWK D]LGH  PJ/ 3ODVPLGV ZHUH W\SHG XVLQJ 3&5EDVHG UHSOLFRQ W\SLQJ
3%57 VFKHPH DV GHVFULEHG SUHYLRXVO\  DQG VSHFLILF SULPHUV 5HS$$ ¶
*$&$77*$*7&$*7$*$$**¶ DQG 5HS$%¶&*7*&$*77&*7&777&**&¶
GHVLJQHGIRUWKHGHWHFWLRQRIWKH,QF/02;$SODVPLGUHSOLFDVH
7KH bla2;$ FDUU\LQJ SODVPLG ZDV FKDUDFWHUL]HG E\ 3&5 PDSSLQJ IROORZHG E\ '1$
VHTXHQFLQJ)RXUWHHQFRXSOHVRISULPHUVZHUHXVHGIRUWKHPDSSLQJRIWKHES,QF/0
SODVPLG FDUU\LQJ bla2;$ JHQH 7DEOH  7KH bla2;$ FDUU\LQJ SODVPLG VHTXHQFH
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*HQ%DQN DFFHVVLRQ QXPEHU -1 ZDV XVHG DV D SRVLWLYH FRQWURO IRU 3&5PDSSLQJ

+\GURO\VLVDQDO\VLV
7KH VSHFLILF DFWLYLWLHV RI WKH βODFWDPDVHV 2;$ 2;$ DQG 2;$ ZHUH
GHWHUPLQHG XVLQJ WKH VXSHUQDWDQW RI DZKROHFHOO FUXGH H[WUDFW REWDLQHG IURP DQ RYHUQLJKW
FXOWXUHRIE. coliFORQHVH[SUHVVLQJWKRVHβODFWDPDVHVS72322;$S72322;$
DQGS72322;$LQE. coli723ZLWKDQ89VSHFWURSKRWRPHWHU8/75263(&
$PHUVKDP3KDUPDFLD%LRWHFKDVSUHYLRXVO\GHVFULEHG
1XFOHRWLGHVHTXHQFHDFFHVVLRQQXPEHU
7KH QXFOHRWLGH VHTXHQFH RI WKH bla2;$ JHQH KDV EHHQ VXEPLWWHG WR (0%/*HQ%DQN
QXFOHRWLGHVHTXHQFHGDWDEDVHXQGHUDFFHVVLRQQXPEHU.0

5(68/76
3DWLHQWIHDWXUHVDQGFKDUDFWHULVWLFVRIWKHS. marcescensFOLQLFDOLVRODWHV
,Q-DQXDU\D\HDUROGZRPDQZDVDGPLWWHGDWWKHHPHUJHQF\XQLWRIWKH8QLYHUVLW\
KRVSLWDORI%HVDQoRQ(DVWSDUWRI)UDQFHIRUDFXWHSXOPRQDU\LQIHFWLRQ$IWHU WZRGD\VRI
KRVSLWDOL]DWLRQ EORRG FXOWXUHV DQG D WUDFKHDO DVSLUDWH JDYH S. marcescens LVRODWHV ZLWK
LGHQWLFDO DQWLELRWLF VXVFHSWLELOLW\ SURILOH 6P 7KH\ ZHUH UHVLVWDQW WR WLFDUFLOOLQ
WLFDUFLOOLQFODYXODQLF DFLG SLSHUDFLOOLQWD]REDFWDP DQG WHPRFLOOLQ 0,& !  PJ/ KDG
GHFUHDVHGVXVFHSWLELOLW\WRFDUEDSHQHPVLPLSHQHPPHURSHQHPHUWDSHQHPDQGGRULSHQHP
DQG UHPDLQHGVXVFHSWLEOH WR H[SDQGHGVSHFWUXPFHSKDORVSRULQV 7DEOH$SRVLWLYH&DUED
13WHVW LQGLFDWHG WKHH[SUHVVLRQRIDFDUEDSHQHPDVH3&5H[SHULPHQWVZHUHFDUULHGRXWRQ
SXULILHG '1$ RI 6P ZLWK SULPHUV VSHFLILF RI FRPPRQ FDUEDSHQHPDVHV JHQHV bla.3&
bla,03bla9,0bla1'0 DQGbla2;$$bla2;$OLNH JHQHZDV DPSOLILHGZKLFKZDV ODWHU
LGHQWLILHGDVbla2;$ DFFRUGLQJ WR VHTXHQFLQJ UHVXOWV7KHSDWLHQWZDV VXFFHVVIXOO\ WUHDWHG
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ZLWK FHIHSLPH DQG DPLNDFLQ IRU ILIWHHQ GD\V )XUWKHUPRUH GXH WR WKH LUUDGLDWLRQ RI WKH
QDVRSKDU\Q[IRUDFDUFLQRPDDW WKHDJHRI WKHSDWLHQWSUHVHQWHG LPSRUWDQW ORFRUHJLRQDO
VHTXHOODHFRPSRVHGRIVFOHURVLVRI WKH WKRUD[DQGFHUYLFDO UHJLRQVDQG WKHSHUVLVWHQFHRID
ULJKW ODU\QJHDOFHUYLFDO ILVWXOD 0RUH WKDQ  PRQWKV ODWHU 2FWREHU  DQRWKHU S. 
marcescens VWUDLQ 6PZDV LVRODWHG IURP D EUHDVW KHPDWRPD 7KLVS. marcescens LVRODWH
ZDVUHVLVWDQWWRWLFDUFLOOLQWLFDUFLOOLQFODYXODQLFDFLGSLSHUDFLOOLQWD]REDFWDPKDGDGHFUHDVHG
VXVFHSWLELOLW\WRHUWDSHQHPEXWUHPDLQHGVXVFHSWLEOHWRWKHRWKHUWHVWHGFDUEDSHQHPPROHFXOHV
LPLSHQHPPHURSHQHPDQGGRULSHQHP7KH&DUED13WHVWGLGQRWUHYHDODFDUEDSHQHPDVH
DFWLYLW\ 8QOLNH LVRODWH 6P WKH LVRODWH 6P ZDV UHVLVWDQW WR H[SDQGHGVSHFWUXP
FHSKDORVSRULQV FHIRWD[LPHFHIWD]LGLPHFHIHSLPHDQGD]WUHRQDP7DEOHDQG UHFRYHUHG
VXVFHSWLELOLW\WRWHPRFLOOLQ0,& PJ/3&5XVLQJZKROHFHOO'1$RI6PDVWHPSODWH
ZDV SRVLWLYH IRU D bla2;$OLNH JHQH 6HTXHQFLQJ UHVXOWV LGHQWLILHG D QRYHO bla2;$ OLNH
JHQHGHVLJQDWHGDVWKHbla2;$JHQH
 *HQRPLF FRPSDULVRQ XVLQJ D 5HS3&5 EDVHG WHFKQLTXH 'LYHUVLODE® ELR0pULHX[
LGHQWLILHGDJHQRPLFVLPLODULW\EHWZHHQS. marcescens6PDQG6PLVRODWHV)LJXUH
$7KHUHIRUHERWK VWUDLQVZHUHFRQVLGHUHG WREHFORQDOO\ UHODWHG7KLV FORQDOLW\KDVEHHQ
FRQILUPHGE\SXOVHILHOGJHOHOHFWURSKRUHVLV)LJXUH%
&KDUDFWHUL]DWLRQRIWKHβODFWDPDVH2;$
7KLVbla2;$JHQHGLIIHUVIURPbla2;$JHQHE\DESGHOHWLRQOHDGLQJWRDIRXUDPLQR
DFLGV GHOHWLRQ LQ WKH 2;$ SURWHLQ VHTXHQFH IURP UHVLGXHV 7KU WR *OX DV
FRPSDUHG WR WKH 2;$ VHTXHQFH )LJXUH  7KH FRPSDULVRQ RI K\GURO\VLV VSHFWUXP RI
2;$2;$DQG2;$ZDVGRQHE\FORQLQJbla2;$bla2;$DQGbla2;$
JHQHVLQ WKHS&5£%OXQW,,7232£ ,QYLWURJHQDQGH[SUHVVLQJ LQWRE. coli7232;$
DQG2;$FRQIHUUHGDVLPLODUUHVLVWDQFHSURILOHPDGHRIDGHFUHDVHGVXVFHSWLELOLW\WR
H[SDQGHGVSHFWUXPFHSKDORVSRULQVDQGD]WUHRQDPDVFRPSDUHGWRWKDWFRQIHUUHGE\2;$
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7DEOH$VRSSRVHGWR2;$2;$OLNH2;$RQFHH[SUHVVHGLQDUHIHUHQFHE.
coliVWUDLQZDVQRWDVVRFLDWHGZLWKDGHFUHDVHVXVFHSWLELOLW\ WRFDUEDSHQHPV7DEOH%RWK
WKH&DUED13WHVWDQG89VSHFWURSKRWRPHWU\DQDO\VLVVKRZHGWKDWWKH2;$DQG2;$
GLGQRWH[SUHVVDVLJQLILFDQWLPLSHQHPDVHDFWLYLW\7DEOH,QDGGLWLRQ2;$DQG
DOVR 2;$ SURGXFHUV ZHUH HLJKWIROG PRUH VXVFHSWLEOH WR WHPRFLOOLQ WKDQ 2;$
SURGXFHUV7DEOH
 7KHVSHFLILFDFWLYLWLHVRI2;$DQGRI2;$ZHUHYHU\VLPLODUIRUSHQLFLOOLQV
EURDGVSHFWUXP FHSKDORVSRULQV DQG FDUEDSHQHPV +RZHYHU 2;$ K\GURO\]HG OHVV
FHIWD]LGLPH IROG OHVV WKDQ 2;$ 7DEOH  %RWK 2;$ DQG 2;$ KDYH
EDUHO\ GHWHFWDEOH DFWLYLW\ DJDLQVW FDUEDSHQHPV DV FRPSDUHG WR2;$ ∼ IROG OHVV IRU
LPLSHQHP 7DEOH  2Q WKH RWKHU KDQG 2;$ DQG 2;$ K\GURO\]HG H[SDQGHG
VSHFWUXPFHSKDORVSRULQVDQGD]WUHRQDPDWPXFKKLJKHU UDWHVZKLOH2;$GLGQRW 7DEOH
 7KLV DFWLYLW\ DJDLQVW H[SDQGHGVSHFWUXP FHSKDORVSRULQV RI 2;$ ZDV LQKLELWHG E\
WD]REDFWDPDGGLWLRQ7DEOH
*HQHWLFHQYLURQPHQWRIWKHbla2;$JHQH
7KHbla2;$JHQHZDVORFDWHGRQWRD7Q1999WUDQVSRVRQDVWKHbla2;$JHQHXVXDOO\LV
3ODVPLG'1$RIS. marcescens6PS2;$DQG6PS2;$ZHUHH[WUDFWHG
DQGFRPSDUHG$VLQJOHSODVPLGZDVLGHQWLILHGIURPHDFKVWUDLQRIFDNEDQGFDNE
IRU WKH 6P DQG 6P UHVSHFWLYHO\ 3&5EDVHG UHSOLFRQ W\SLQJPHWKRG UHYHDOHG WKDW WKHVH
SODVPLGVEHORQJHGWRDVDPH,QF/0LQFRPSDWLELOLW\JURXS:KHUHDVWUDQVIRUPDQWVLQE. coli
ZHUH REWDLQHG E\ XVLQJ ERWK SODVPLGV WUDQVFRQMXJDQWV ZHUH REWDLQHG ZLWK WKH S2;$
SODVPLG RQO\ 3&5PDSSLQJ RI SODVPLGV S2;$ DQG S2;$ VKRZHG WKDW S2;$
ZDVVWUXFWXUDOO\LGHQWLFDOWRWKHSURWRW\SH,QF/02;$SRVLWLYHSODVPLG3ODVPLGS2;$
 KDG D VLPLODU EDFNERQH DV S2;$ EXW KDG D  ES GHOHWLRQ IURP QXFOHRWLGHV
 WR  DFFRUGLQJ WR UHIHUHQFH bla2;$ SODVPLG  QXPEHU -1 *HQ%DQN
9
ht
tp
://
do
c.
re
ro
.c
h
 
QXFOHRWLGHGDWDEDVH7KLVGHOHWLRQLQFOXGHGWKHssbJHQHmobCDQGmobAJHQHVnikB 
DQGnikA JHQHVDQGDSDUWRIORFXVTra+,-./DQGprimaseJHQHV7KLVGHOHWHG'1$
VHFWLRQZDVUHSODFHGE\DQLQVHUWLRQVHTXHQFH,61R)LJXUH%

',6&866,21
$QRYHO2;$ W\SHβODFWDPDVH2;$KDVEHHQ LGHQWLILHGKHUH2;$ OLNH WKH
RWKHU2;$ W\SHȕODFWDPDVHV2;$DQG2;$KDV D VLJQLILFDQW DFWLYLW\ WRZDUG
H[SDQGHGVSHFWUXPFHSKDORVSRULQVEXWEDUHO\QRQHWRZDUGFDUEDSHQHPV7KHUHIRUHLWVKDOOEH
XQGHUOLQHGWKDW2;$OLNHȕODFWDPDVHVDVRSSRVHGWRDOONQRZQ.3&1'09,0RU,03
ȕODFWDPDVHVDUHQRWDOOVLJQLILFDQWFDUEDSHQHPDVHV,QDGGLWLRQLWKDVEHHQVKRZQWKDW2;$
W\SHSURGXFHUVZLWKFDUEDSHQHPDVHDFWLYLW\DUHPRVWO\ UHVLVWDQW WR WHPRFLOOLQ+HUHZH
FRQILUPWKDWWKLVWHPRFLOOLQUHVLVWDQFHWUDLWZRXOGEHDJRRGFULWHULDIRUGLIIHUHQWLDWLQJ2;$
W\SHSURGXFHUVZLWKDQGZLWKRXWFDUEDSHQHPDVHDFWLYLW\
6WUXFWXUDOSURWHLQDQDO\VLVRI2;$2;$DQG2;$VKRZHGWKDWWKH\SRVVHVVDW
OHDVW D VDPH IRXUDPLQRDFLGVGHOHWLRQ LQ D VSHFLILF UHJLRQ IURP7KU WR*OX 
7KLVUHVXOWDJUHHVZLWKFU\VWDOVWUXFWXUHDQDO\VLVRI2;$VKRZLQJWKDW$UJZKLFKLV
SDUWRIDβVWUDQGLVFULWLFDOIRUFDUEDSHQHPDVHDFWLYLW\,QDGGLWLRQUHFHQWVWXGLHVSRLQW
RXWWKHFUXFLDORIWKLVVKRUWORRSFRQQHFWLQJȕDQGȕVWUDQGVLQFRQIHUULQJDFDUEDSHQHPDVH
DFWLYLW\RI$PEOHUFODVV'ȕODFWDPDVHV
*HQHWLFDQDO\VLVRIWKHS. marcescensFOLQLFDOLVRODWHV6PDQG6PSURGXFLQJ2;$DQG
2;$ UHVSHFWLYHO\ LQGLFDWH WKDW WKH\ DUH FORQDOO\ UHODWHG7KLV UHVXOW VXJJHVWV WKDW WKH
bla2;$ JHQH PD\ GHULYH IURP D VDPH DQFHVWRU D bla2;$ JHQH 7KLV K\SRWKHVLV LV
UHLQIRUFHGE\WKHFRPPRQJHQHWLFHQYLURQPHQWRIERWKWKRVHJHQHV$FWXDOO\WKHbla2;$
DQGbla2;$JHQHVZHUHEUDFNHWHGE\WZRFRSLHVRIDQLGHQWLFDO,6HOHPHQW,61999IRUPLQJ
D FRPSRVLWH WUDQVSRVRQ 7Q1999 7KLV JHQHWLF HQYLURQPHQWZDV FRPSOHWHO\ GLIIHUHQW WR WKH
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PRVDLFVWUXFWXUHVPDGHRI LQVHUWLRQVHTXHQFHVDQG WUXQFDWHGPRELOHHOHPHQW WKDW VXUURXQGV
WKHbla2;$JHQHDQGLWVGHULYDWLYHbla2;$)LJXUH,QDGGLWLRQWKHbla2;$
JHQHZDV LGHQWLILHGRQ WKHSODVPLGS2;$ WKDWSRVVHVVHGDEDFNERQHVLPLODU WR WKDWRI
,QF/0 bla2;$EHDULQJ SODVPLG S2;$  H[FHSW IRU D GHOHWLRQ RI FD  NE
UHSODFHG E\ DQ LQVHUWLRQ VHTXHQFH ,61R 7KLV GHOHWLRQLQVHUWLRQ OHDG WR ORVV RI FRQMXJDWLYH
JHQHVDQGUHODWHGVHOIFRQMXJDWLYHSURSHUW\RIS2;$7KHUROHRIDFHSKDORVSRULQ
FRQWDLQLQJWUHDWPHQWKHUHFHIHSLPHUHPDLQVWREHGHWHUPLQHGIRUVHOHFWLQJDQ2;$W\SH
ȕODFWDPDVHZLWKDFWLYLW\DJDLQVWH[SHQGHGVSHFWUXPFHSKDORVSRULQVIURPDQ2;$W\SHȕ
ODFWDPDVHZLWKFDUEDSHQHPDVHDFWLYLW\
$VFRQFOXVLRQ WKLV UHSRUWXQGHUOLQHV WKDW2;$W\SHȕODFWDPDVHVDUHPRUHGLYHUVH WKDQ
H[SHFWHG $V H[HPSOLILHG E\ 2;$ WKH 2;$W\SH ȕODFWDPDVHV DUH QRW DOO WUXH
FDUEDSHQHPDVHV$VDPHVWDWHPHQWLVYDOLGIRUDQRWKHUJURXSRIVHULQHȕODFWDPDVHVWKH*(6
JURXSRI HQ]\PHV IRUZKLFK*(6 LVDQH[WHQGHGVSHFWUXPȕODFWDPDVHZKLOH*(6 LV D
FDUEDSHQHPDVH  7KHUHIRUH WKH ILUVWOLQH VFUHHQLQJ RI FDUEDSHQHPDVH SURGXFHUV LQ
EnterobacteriaceaePD\EHEHVWEDVHGRQELRFKHPLFDOGHWHFWLRQRIFDUEDSHQHPDVHDFWLYLW\LQ
FOLQLFDO VHWWLQJV7KHPROHFXODU ELRORJ\ WHFKQLTXHV DOWKRXJK XVHIXOPD\RYHUUHSRUW2;$
OLNH SURGXFHUV DV EHLQJ DOO FDUEDSHQHPDVHV DQG RQ WKH RSSRVLWH PD\ IDLO WR GHWHFW
FDUEDSHQHPDVH SURGXFHUV UHODWHG WR WRWDOO\ QRYHO RU VOLJKWO\ VWUXFWXUDOO\ PRGLILHG
FDUEDSHQHPDVHJHQHV

$.12:/('*0(176
7KLVZRUNZDVSUHVHQWHGLQSDUWDW WKH,QWHUQDWLRQDO&RQJUHVVIRU$QWLPLFURELDO$JHQWVDQG
&KHPRWKHUDS\ 6HSWHPEHU :DVKLQJWRQ'&:HZRXOG OLNH WR WKDQNV&KULVWRSKH'H
&KDPSVZKROHWXVZRUNRQWKH2;$SURGXFLQJS. marcescensLVRODWH
7KLVZRUNZDVSDUWLDOO\IXQGHGE\DJUDQWIURPWKH,16(508
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5()(5(1&(6
 3RLUHO/1DDV71RUGPDQQ3'LYHUVLW\HSLGHPLRORJ\DQGJHQHWLFVRIFODVV
'βODFWDPDVHV$QWLPLFURE$JHQWV&KHPRWKHU
 +LJJLQV 3* 3RLUHO / /HKPDQQ01RUGPDQQ3 6HLIHUW+ 2;$ D
QRYHO FDUEDSHQHPK\GURO\]LQJ FODVV ' ȕODFWDPDVH LQ Acinetobacter baumannii
$QWLPLFURE$JHQWV&KHPRWKHU
 3RLUHO /1RUGPDQQ3  &DUEDSHQHP UHVLVWDQFH LQAcinetobacter baumannii
PHFKDQLVPVDQGHSLGHPLRORJ\&OLQ0LFURELRO,QIHFW
 3RLUHO/3RWURQ$1RUGPDQQ32;$OLNHFDUEDSHQHPDVHVWKHSKDQWRP
PHQDFH-$QWLPLFURE&KHPRWKHU
 3RLUHO / +HULWLHU & 7ROXQ 9 1RUGPDQQ 3  (PHUJHQFH RI R[DFLOOLQDVH
PHGLDWHG UHVLVWDQFH WR LPLSHQHP LQ Klebsiella pneumoniae $QWLPLFURE $JHQWV
&KHPRWKHU
 .DVDS07RURO6.ROD\OL)'XQGDU'9DKDERJOX+2;$DQRYHO
YDULDQW RI 2;$ GLVSOD\V H[WHQGHG K\GURO\WLF DFWLYLW\ WRZDUGV LPLSHQHP
PHURSHQHPDQGGRULSHQHP-(Q]\PH,QKLE0HG&KHP
 $EGHOD]L] 02 %RQXUD & $OHR $ (O'RPDQ\ 5$ )DVFLDQD 70DPPLQD &
2;$SURGXFLQJKlebsiella pneumoniaeLQ&DLUR(J\SWLQDQG
-&OLQ0LFURELRO
 3RLUHO / &DVWDQKHLUD 0 &DUUHU $ 5RGULJXH] &3 -RQHV 51 6PD\HYVN\ -
1RUGPDQQ 3  2;$ DQ 2;$UHODWHG FODVV ' ȕODFWDPDVH ZLWK
H[WHQGHG DFWLYLW\ WRZDUG H[SDQGHGVSHFWUXP FHSKDORVSRULQV $QWLPLFURE $JHQWV
&KHPRWKHU
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 3RWURQ$1RUGPDQQ3/DIHXLOOH($O0DVNDUL=$O5DVKGL)3RLUHO/
&KDUDFWHUL]DWLRQ RI 2;$ D FDUEDSHQHPK\GURO\]LQJ FODVV ' ȕODFWDPDVH IURP
Klebsiella pneumoniae$QWLPLFURE$JHQWV&KHPRWKHU
 3RWURQ $ 1RUGPDQQ 3 3RLUHO /  &KDUDFWHUL]DWLRQ RI 2;$ D
FDUEDSHQHPK\GURO\]LQJ FODVV ' ȕODFWDPDVH IURP Klebsiella pneumoniae
$QWLPLFURE$JHQWV&KHPRWKHU
 3RWURQ$5RQGLQDXG(3RLUHO/%HOPRQWH2%R\HU6&DPLDGH61RUGPDQQ
3  *HQHWLF DQG ELRFKHPLFDO FKDUDFWHULVDWLRQ RI 2;$ D FDUEDSHQHP
K\GURO\VLQJ FODVV' ȕODFWDPDVH IURPEnterobacteriaceae ,QW -$QWLPLFURE$JHQWV

 2WHR-+HUQDQGH]-0(VSDVD0)OHLWHV$6DH]'%DXWLVWD93HUH]9D]TXH]
0 )HUQDQGH]*DUFLD 0' 'HOJDGR,ULEDUUHQ $ 6DQFKH]5RPHUR , *DUFLD
3LFD]R/0LJXHO0'6ROLV6$]QDU(7UXMLOOR*0HGLDYLOOD&)RQWDQDOV'
5RMR 6 9LQGHO $ &DPSRV -  (PHUJHQFH RI 2;$SURGXFLQJKlebsiella 
pneumoniae DQG WKH QRYHO FDUEDSHQHPDVHV 2;$ DQG 2;$ LQ 6SDLQ -
$QWLPLFURE&KHPRWKHU
 *RPH]63DVWHUDQ))DFFRQH'%HWWLRO09HOL]2'H%HOGHU'5DSRSRUW0
*DWWL % 3HWURQL $ &RUVR $  ,QWUDSDWLHQW HPHUJHQFH RI 2;$ D QRYHO
FDUEDSHQHPDVH IRXQG LQ D SDWLHQW SUHYLRXVO\ LQIHFWHG ZLWK 2;$SURGXFLQJ
Klebsiella pneumoniae&OLQ0LFURELRO,QIHFW(
 6DPSDLR-/5LEHLUR9%&DPSRV-&5R]DOHV)30DJDJQLQ&0)DOFL'5GD
6LOYD5&'DODURVD0*/X]',9LHLUD)-$QWRFKHYLV/&%DUWK$/=DYDVFNL
$3  'HWHFWLRQ RI 2;$ DQ 2;$UHODWHG FODVV ' ȕODFWDPDVH LQ
Enterobacter hormaecheiIURP%UD]LO$QWLPLFURE$JHQWV&KHPRWKHU
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 1RUGPDQQ 3 3RLUHO / 'RUWHW /  5DSLG GHWHFWLRQ RI FDUEDSHQHPDVH
SURGXFLQJEnterobacteriaceae(PHUJ,QIHFW'LV
 %HUQDEHX 6 3RLUHO / 1RUGPDQQ 3  6SHFWURSKRWRPHWU\EDVHG GHWHFWLRQ RI
FDUEDSHQHPDVH SURGXFHUV DPRQJ Enterobacteriaceae 'LDJQ 0LFURELRO ,QIHFW 'LV

 'RUWHW/%UHFKDUG/3RLUHO/1RUGPDQQ3,PSDFWRIWKHLVRODWLRQPHGLXP
IRU GHWHFWLRQ RI FDUEDSHQHPDVHSURGXFLQJ Enterobacteriaceae XVLQJ DQ XSGDWHG
YHUVLRQRIWKH&DUED13WHVW-0HG0LFURELRO
 .LHVHU 7  )DFWRUV DIIHFWLQJ WKH LVRODWLRQ RI &&& '1$ IURP Streptomyces
lividansDQGEscherichia coli3ODVPLG
 &DUDWWROL $ %HUWLQL $ 9LOOD / )DOER 9 +RSNLQV ./ 7KUHOIDOO (- 
,GHQWLILFDWLRQ RI SODVPLGV E\ 3&5EDVHG UHSOLFRQ W\SLQJ - 0LFURELRO 0HWKRGV

 3RLUHO / %RQQLQ 5$ 1RUGPDQQ 3  *HQHWLF IHDWXUHV RI WKH ZLGHVSUHDG
SODVPLG FRGLQJ IRU WKH FDUEDSHQHPDVH 2;$ $QWLPLFURE $JHQWV &KHPRWKHU

 'RFTXLHU-'&DOGHURQH9'H/XFD)%HQYHQXWL0*LXOLDQL)%HOOXFFL/7DIL
$1RUGPDQQ3%RWWD05RVVROLQL*00DQJDQL6&U\VWDOVWUXFWXUHRIWKH
2;$ ȕODFWDPDVH UHYHDOV PHFKDQLVWLF GLYHUVLW\ DPRQJ FODVV' FDUEDSHQHPDVHV
&KHP%LRO
 'H /XFD ) %HQYHQXWL 0 &DUERQL ) 3R]]L & 5RVVROLQL *0 0DQJDQL 6
'RFTXLHU -'  (YROXWLRQ WR FDUEDSHQHPK\GURO\]LQJ DFWLYLW\ LQ QRQ
FDUEDSHQHPDVH FODVV ' ȕODFWDPDVH 2;$ E\ UDWLRQDO SURWHLQ GHVLJQ 3URF 1DWO
$FDG6FL86$
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 
 0LWFKHOO -0 &ODVPDQ -5 -XQH &0.DLWDQ\.& /D)OHXU -5 7DUDFLOD0$
.OLQJHU 19 %RQRPR 5$:\PRUH 7 6]DUHFND $ 3RZHUV 5$ /HRQDUG '$
 6WUXFWXUDO %DVLV RI $FWLYLW\ DJDLQVW $]WUHRQDP DQG ([WHQGHG 6SHFWUXP
&HSKDORVSRULQV IRU 7ZR &DUEDSHQHP+\GURO\]LQJ &ODVV ' ȕ/DFWDPDVHV IURP
Acinetobacter baumannii%LRFKHPLVWU\
 3RLUHO/:HOGKDJHQ*)1DDV7'H&KDPSV&'RYH0*1RUGPDQQ3
*(6 D FODVV $ ȕODFWDPDVH IURP Pseudomonas aeruginosa ZLWK LQFUHDVHG
K\GURO\VLVRILPLSHQHP$QWLPLFURE$JHQWV&KHPRWKHU



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),*85(/(*(1'
)LJXUH$5HS3&5DQDO\VLVE\XVLQJWKH'LYHUVLODEWHFKQLTXH'HQGURJUDPDQG
FRPSXWHUJHQHUDWHGLPDJHRIUHS3&5EDQGLQJSDWWHUQVRI2;$SURGXFLQJS. marcescens
6P2;$SURGXFLQJS. marcescens6PDQGDQXQUHODWHGVWUDLQRIS. marcescens
%3XOVHILHOGJHOHOHFWURSKRUHVLVRI2;$SURGXFLQJS. marcescens6P2;$
SURGXFLQJS. marcescens6PDQGDQXQUHODWHGVWUDLQRIS. marcescens.

)LJXUH$OLJQPHQWRIWKHDPLQRDFLGVHTXHQFHVRI2;$2;$2;$DQG
2;$3RVVLEOHFRQVHUYHGUHVLGXHVRIWKHDFWLYHVLWHRIWKH2;$W\SHȕODFWDPDVHVDUH
KLJKOLJKWHGLQJUD\

)LJXUH$6FKHPDWLFUHSUHVHQWDWLRQRIWKHJHQHWLFHQYLURQPHQWRIWKHbla2;$Dbla2;$
Ebla2;$FDQGbla2;$GJHQHV7KH7Q1999FRPSRVLWHWUDQVSRVRQLVPDGHRI
WZRFRSLHVRILQVHUWLRQVHTXHQFH,61999EUDFNHWLQJDIUDJPHQWFRQWDLQLQJWKHbla2;$ DQG
bla2;$ JHQHV%0DMRUVWUXFWXUDOIHDWXUHVRISODVPLGS2;$IURPS. marcescens 6P
LQFRPSDULVRQZLWKWKHSURWRW\SH,QF/0bla2;$SODVPLGS2;$*HQ%DQNDFFHVVLRQ
QXPEHU-1&RPPRQVWUXFWXUHVDUHKLJKOLJKWHGZLWKDVKDGHGJUH\FRORU


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7DEOH3ULPHUVXVHGIRUWKHPDSSLQJRIWKHbla2;$W\SHFDUU\LQJSODVPLGV

3ULPHUQDPH
1XFOHRWLGHVHTXHQFHDFFRUGLQJWR*HQEDQNDVVHVVLRQQXPEHU
-1 /RFDWLRQ $PSOLFRQVL]HES6WDUW 6WRS 
→

&)   $7&&**7&&&&&7*$77$7& IncL/M rep &5   *7&7*&*$&7*$&$*$&*$7 trbA 
&)   &*$$$*&&$$$&&$&$7&$& trbA 
2;$
H[W   7$77*7&$$$&$$*&&$7*&7* bla2;$
2;$
H[W   $77&&$*$*&$&$$&7$&*&& bla2;$ 
&5   &&*7&*77*77*&7*$*$$& mucB
&)   &*&$*7**$$**$7$77&&& mucB &5   77&$***&*&7**$77&$$* orf12 
&)   *&*7*$&&*&&7&$$$77&7 orf12 &5   &*$*&$&77$&**77$7&$* parB
&)   &$7&7*77&&&**$7*$7*$ parB &5   7&7$7*&&*&&&7*7$77&& orf25 
&)   &$*7*$$**$&7*$*&&$&7 orf25 &)   **&***77*$77&$*77&$* klcA 
&)   *$777$&&*&*&*$77*$&7 klcA &5   *$&77777*7&&&77&**&& mobA 
&)   *&$**&*7$7*&7&$$$$&* mobA &5   $&*77**&*$7&*7&$$$** pri
&)   &$*&&7&$*&$777$&$$*& pri &5   7&$*&$**&77$*&$*$&$& traP 
&)   &$$*7$$$**&&77$7&&*& traP &5   &7*$&&*7777*&7777&&* traW 
&)   *$*7*7*$$&*&***$*7$7 traW 

&5   $7*$$&7&&**&*$$$*$&& IncL/M rep 

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7DEOH0,&VRIβODFWDPVIRUS. marcescens 2;$6PS. marcescens 2;$6PE. coli S72322;$E. coli S72322;$
coli S72322;$DQGE. coli 723
βODFWDPV 
0,&PJ/
S. marcescens 
2;$6P
S. marcescens 
2;$6P
E. coli723
S72322;$
E. coli723
S72322;$
E. coli723
S72322;$ E. coli723
$PR[LFLOOLQ ! ! ! ! ! 
$PR[LFLOOLQ&/$D ! !  !  
3LSHUDFLOOLQ ! !  ! ! 
3LSHUDFLOOLQ7=%E  !    
7HPRFLOOLQ !  !   
7LFDUFLOOLQ ! ! ! ! ! 
&HIDORWLQ ! !    
&HIHSLPH      
&HIHSLPH7=%E      
&HIRWD[LPH      
&HIRWD[LPH7=%E      
&HIWD]LGLPH      
&HIWD]LGLPH7=%E      
,PLSHQHP      
0HURSHQHP      
(UWDSHQHP !     
'RULSHQHP      
$]WUHRQDP      

D&/$FODYXODQLFDFLGDWDIL[HGFRQFHQWUDWLRQRIPJ/E7=%WD]REDFWDPDWDIL[HGFRQFHQWUDWLRQRIPJ/

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7DEOH6SHFLILFDFWLYLWLHVRIβODFWDPDVHV2;$2;$DQG2;$


6SHFLILF$FWLYLW\P8PJRISURWHLQ
βODFWDPV 2;$ 2;$ 2;$
$PR[LFLOOLQ   
3LSHUDFLOOLQ   
7HPRFLOOLQ   
7LFDUFLOOLQ   
&HIHSLPH   
&HIRWD[LPH   
&HIR[LWLQ   
&HIWD]LGLPH   
&HSKDORWLQ   
,PLSHQHP   
0HURSHQHP   
(UWDSHQHP   
'RULSHQHP   
$]WUHRQDP   


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S. marcescens OXA-405 (Sm2) 
S. marcescens OXA-48 (Sm1) 
Unrelated S. marcescens 
S. marcescens OXA-405 (Sm2)  
S. marcescens OXA-48 (Sm1) 
Unrelated S. marcescens 
Ladder 
Ladder 
A
B
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